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 The predictions for the original chaos patterns can be used to correct  
the distorted chaos pattern which has changed due to any changes whether 
from undesired disturbance or additional information which can hide under 
chaos pattern. This information can be recovered when the original chaos 
pattern is predicted. But unpredictability is most features of chaos, and time 
series prediction can be used based on the collection of past observations of  
a variable and analysis it to obtain the underlying relationships and then 
extrapolate future time series. The additional information often prunes away 
by several techniques. This paper shows how the chaotic time series 
prediction is difficult and distort even if neuro-fuzzy such as adaptive neural 
fuzzy inference system (ANFIS) is used under any disturbance. The paper 
combined particle swarm (PSO) and (ANFIS) to exam the prediction model 
and predict the original chaos patterns which comes from the double  
scroll circuit. Changes in the bias of the nonlinear resistor were used as  
a disturbance. The predicted chaotic data is compared with data from  
the chaotic circuit. 
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1. INTRODUCTION 
Nonlinear prediction of chaotic time series is very challenging in the prediction area [1]. Neural 
networks and related neuro-fuzzy models such as (ANFIS) have been the subjects of interest due to their 
many practical applications in modeling complex nonlinear systems [2-4] and in chaotic time series 
predictions [5-10] but when the number of observations for training is limited or the data does not have  
a similar pattern they can neither reconstruct the dynamics nor learn the shape of attractor and the prediction 
become more difficult. In this paper, we used the asymmetrical double scroll attractor as an obstacle for  
the best technique which is the ANFIS model to predict the original pattern and propose the odd information 
which does not match with the original pattern. This oddness in information can be with purpose or as 
distortions. The paper shows how it is difficult and the distortions that happened on the perditions of  
chaotic attractor by using the ANFIS model under disturbance. Chaos in electrical circuits has drawn strong 
attention [10-15] since the circuit provides a simple vehicle for the experimental observation and computer 
simulation of chaotic phenomena. The double scroll circuit is used for nonlinear time series analysis methods 
for confirming the chaotic behavior Figure 1 shows the double scroll circuit, circuitry, and nonlinear resistor 
characteristic. Figure 2 shows symmetric double spiral attractor. 
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Chaotic systems are sensitive dependency on initial conditions and densely distributed periodic 
points [16]. The data collected along inevitable noise makes the prediction of a chaotic system hard to 
achieve. This difficulty proposes the modelling chaotic time series. Artificial Intelligence techniques have 
gained significant importance in modelling because of their ability to learn from historical observations data 
and predict highly nonlinear systems. ANFIS is a type of system that incorporates neural and fuzzy logic. 
Neurons learn from experience and performed by optimization of the antecedent and conclusion parts 
parameters. This paper uses ANFIS to predict a time series generated by a double scroll circuit but using 
asymmetrical attractor as kind of the noise via generated asymmetrical data pattern and evaluates the ANFIS 
prediction in this case. Figure 3 shows the block diagram of ANFIS prediction. 
 
 
 
 
Figure 1. Double scroll circuit and nonlinear resistor characteristics 
 
 
 
 
Figure 2. Symmetrical double strange attractor 
 
 
 
 
Figure 3. Block diagram of ANFIS prediction 
 
 
2. ASYMMETRICAL DOUBLE STRANGE ATTRACTOR 
Generally, the phenomenon of multiple attractors is mostly in symmetric dynamical systems  
[17-18]. These exhibit pairs of mutually symmetric attractors, as a parameter, are varied. The symmetry in 
double scroll strange attractor, which was observed from the electronic circuits, may not be held in special 
cases for various reasons, for example, switching characteristics of the diodes because of the differences in 
bias values or imperfect matching transistors or any other reasons that can make asymmetry in the strange 
attractor. Analysis of the nonlinear resistor circuit that is shown in Figure 4 indicates that the break voltage of 
the v-i characteristic is bias dependent. This can be related to the switching characteristics of the diodes.  
Thus it is expected that the bias sources +Vcc and –Vcc, play a certain role as a bifurcation element. Figure 5 
shows the effect of the bias on a double scroll attractor. 
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Figure 4. Nonlinear resistors 
 
 
  
  
 
Figure 5. Asymmetrical double strange attractor 
 
 
The prediction of a chaotic system from noisy observations is very hard. Noisy data could be 
contaminated from different types of sources. Noise can be propagated into the prediction model and make 
real problems in many of chaos real-life applications. Noise on chaotic time series prediction has been barely 
considered [19] to improve the performance prediction in the presence of noise. In this work, we focus on 
how to make a change in bias as disturbance data among the original data to examine the prediction of 
ANFIS based on chaotic noisy observations. Figure 6 shows the block diagram of the disturbance  
prediction system. 
 
 
 
 
Figure 6. Disturbance on a chaotic system 
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3. COMBINED PSO WITH ANFIS TO REJECT THE BIAS DISTURBANCE 
The idea behind PSO is each particle keeps track of the coordinates in the space of the problem 
which is associated with the best solution [20]. Many studies have combined PSO with fuzzy and ANFIS in 
different applications [21-25]. In most of them the PSO tries to optimize the ANFIS parameters to give  
the best solutions. In our work, the PSO plays an important role in removing any undesired data and 
improving the prediction signal. PSO starts by taking the time-series data from the circuit under change as  
the initial first swarm generation. The closeness of each particle to the best solution depends on the objective 
function. The objective is the chaotic time-series data from the original double scroll circuit without any 
disturbance. Figure 7 and Figure 8 show the PSO-ANFIS model block diagram. Figure 9 shows the graphical 
representations. Considering the search space of 2-dimension and (n) particles as an initial population was 
taken from the circuit after the change of bias. There is a part of these particles that have a wrong position 
due to the change. Each particle has a specified position and velocity that is associated with its particular best 
performance in the swarm. Each particle tries to modify its position with its objective which is specified from 
the chaotic time-series data from the original double scroll circuit 
 
 
  
 
Figure 7. Disturbance on a chaotic system 
 
Figure 8. PSO-ANFIS prediction block diagram 
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Figure 9. PSO graphical representations 
 
 
4. RESULTS AND ANALYSIS 
The simulation was implemented using Matlab and the results arranged as the following: 
 Generate the chaotic time-series data from the double scroll circuit (Vc1 and Vc2) which show in  
Figure 10.  
 Make the change in +Vcc1 in nonlinear resistor which is shown in Figure 1  
 Generate more chaotic data from the chaotic circuit after the change. 
 Use ANFIS to predict chaotic data. Figure 11 shows the comparison between the simulations data from 
the circuit and predications of the ANFIS model. The figure shows the distortions in the attractor 
 The distortions because of the additional changed data. 
 
The simulation was implemented using Matlab and the results arranged as the following: 
 Generate the chaotic time-series data from the double scroll circuit (Vc1 and Vc2) which show in  
Figure 10.  
 Make the change in +Vcc1 in nonlinear resistor which is shown in Figure 1  
 Generate more chaotic data from the chaotic circuit after the change. 
 Use ANFIS to predict chaotic data. Figure 11 shows the comparison between the simulations data from 
the circuit and predications of the ANFIS model. The figure shows the distortions in the attractor 
 The distortions because of the additional changed data.  
 Applied the PSO on the ANFIS model data. Figures 12, 13, and 14 show the ANFIS predictions model 
after PSO which applied according to the flowchart in Figure 7. 
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 Figure 12 shows the particles update in their positions according to the individual nearest objectives taken 
from the circuit without disturbance.  
 Figures 13 and 14 show PSO-ANFIS prediction on the attractor.  
PSO-ANFIS can be used to predict and separate any kind of hidden pieces of information from any 
noisy source signal as shown in Figure 15 and it was tested under incomplete chaotic data which gave a good 
estimation hence, we can say it deserved to be under consideration. 
 
 
  
 
Figure 10. Double scroll circuit 
 
Figure 11. Double scroll circuit 
 
 
  
 
Figure 12. Particles updated in their positions 
according to the individual nearest objectives 
 
Figure 13. PSO-ANFIS prediction 
 
 
  
 
Figure 14. PSO-ANFIS prediction 
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Figure 15. PSO-ANFIS model used for prediction and sperations 
 
 
5. CONCLUSION 
However, PSO-ANFIS shows the difficultly to predict the original double scroll attractor when it is 
distorted, still, it is a good method to recover particles which were absent due to any change and recover  
the original pattern. This method also can be used to recover the hidden information under the attractor by 
recognizing the odd particles after they were compared with original attractor data. 
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